Priority medical image delivery using DTN for healthcare workers in volcanic emergency by unknown
Scientific Phone Apps
and Mobile Devices
Ashar et al. Scientific Phone Apps and Mobile Devices  (2016) 2:9 
DOI 10.1186/s41070-016-0010-9RESEARCH ARTICLE Open AccessPriority medical image delivery using DTN
for healthcare workers in volcanic
emergency
Muhammad Ashar*, Hirohiko Suwa, Yutaka Arakawa and Keiichi YasumotoAbstract
In this paper, targeting eye injuries caused by volcano disaster, we propose a medical image delivery service
that streamlines the delivery of victim image data from a disaster area to specialist doctors in city hospitals
using the Delay Tolerant Network (DTN). The service is used for an emergency response to provide quick
feedback to healthcare workers after images are received by a hospital. With the received images, specialist
doctors diagnose the type and seriousness of the eye injury in those images and provide appropriate medical
instructions to healthcare workers. To reduce image delivery delay, it is desirable to send medical images to
doctors based on image priority. For this purpose, we propose an image prioritization method in which an
image is divided into pieces, and each piece is assigned a priority based on its content (for example, the
severity of the injury), aiming to deliver high-priority pieces faster. Based on the priorities assigned to the
pieces, we propose a message priority forwarding scheme for pieces in a DTN environment, where higher
priority pieces are assigned more bandwidth and transmitted with higher resolution. Also, taking into account
actual practice in a disaster area, we design and implement an application for Android devices. Through computer
simulations supposing a volcano disaster scenario involving Mount Merapi in Indonesia, we confirmed that
the proposed delivery service significantly shortens the image delivery time.
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Volcano eruptions can result in many health impacts de-
pending on the size of the volcano. At least 500 million
people worldwide live within potential exposure range to
a volcano that has been active. In the case of volcanic
eruption, healthcare workers will need to treat many
injuries. Ash particles can affect the eyes by causing irri-
tation or conjunctivitis as happened in the Mount St.
Helen eruption and the Mount Usu eruption in Japan
(Baxter et al. 2010).
In the treatment of victims, healthcare workers will
sometimes need instruction from a medical specialist
(an ophthalmologist) for specific eye injuries in a vol-
cano disaster zone. In this case, communication is re-
quired between a healthcare worker inside the
disaster zone and a hospital, which in many cases* Correspondence: muhammad_ashar.ls6@is.naist.jp
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the Creative Commons license, and indicate ifexists outside the disaster zone, while communication
equipment is impaired by such hazardous material as
ash fall. In this situation, it is necessary to send med-
ical images quickly to obtain feedback in the form of
instructions that can be used by healthcare workers
in the affected areas. For example, in the Mount Mer-
api area of Indonesia, at the time of the volcanic
eruption, there is great difficulty in transmitting med-
ical images over the large rural area to a destination
in the city without mobile or wireless networks. The
possibilities of travel are also very limited by the poor
condition of the roads there.
The big challenge is how to deliver the most important
images of injuries from a disaster zone to the city hospital
faster and with good delivery performance. The opportun-
istic network, or Delay/Disruption Tolerant Network
(DTN), is the most useful means of mobile network com-
munication for delivering data in a disaster. In (Fujihara
et al. 2014), Opportunity-based Services (OBS) providedis distributed under the terms of the Creative Commons Attribution 4.0
rg/licenses/by/4.0/), which permits unrestricted use, distribution, and
e appropriate credit to the original author(s) and the source, provide a link to
changes were made.
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network. With this system, evacuees can collect
smartphones location information on impassable and
congested roads. In (Fajardo et al. 2014), users with
mobile phones created and merged messages contain-
ing disaster-related information. This can reduce mes-
sage size and minimize the overall message collection
delay. In our previous study (Ashar et al. 2015), we
designed a medical image delivery service over DTN
with priority forwarding in a volcano disaster. This
service shows better performance than existing sys-
tems in terms of message delivery rate and message
delivery delay. It also delivers images of high priority
faster, although the experimental scenarios in the
simulation were limited.
To support medical image delivery services for
healthcare workers through DTN in a volcano disas-
ter situation, in this paper, we focus on how to make
our previous work (Ashar et al. 2015) more practical
by designing an efficient prioritization method of
images and a data forwarding/routing mechanism,
and implementing the service on prevalent mobile
devices. To achieve an efficient delivery service in a
volcanic emergency, first we propose a prioritization
method that divides an image into high and low pri-
ority pieces. We have developed an Android applica-
tion that divides each captured image into fixed-size
pieces and facilitates healthcare workers in manually
assigning a priority level to each piece depending on
existence of the injury and its seriousness. Pieces are
then sent to the destination (e.g., city hospital with a
specialist) as messages via DTN. To deliver high-
priority pieces (messages) faster and with better
quality, we propose a priority messages forwarding
scheme for DTN. In this method, first the size of
each message is reduced depending on its priority
(i.e., more bytes are used for a higher priority piece),
and each DTN node sorts messages in its buffer in
the order of their priority and sends the highest
priority message to its neighboring nodes one by one
through a general DTN routing protocol (e.g., epi-
demic routing).
Through computer simulations supposing a realis-
tic volcano disaster, we found that the proposed
method improved the message delivery rate for a
fixed time interval at the hospital by up to 20 %
compared with the non-priority case when we use
epidemic routing.Related work
In this section, we will briefly overview existing work on
applications of mobile devices for emergency situations
with delivery of images through DTN.Applications for emergency situations
Mobile devices are often used in disaster areas,
especially for medical emergencies, where data are de-
livered by DTN. The Mobile Agent Electronic Triage
Tag System (Martin-Campillo et al. 2011) creates
mobile agents that store and carry triage information
about victims. Mobile agents are able to move
through a MANET (Mobile Ad-hoc Network) created
by mobile devices without the need for an end-to-end
connection from source to destination. Mobile Maps
(Monares et al. 2011) presents a low-cost mobile col-
laborative system, which may be used in emergency
situations to overcome most communication problems
of firefighters. This application provides ad-hoc com-
munication, decision support and collaboration among
firefighters in the field using mobile devices. The in-
formation accumulated can be analyzed after a crisis
and studied for future emergencies. The DTN imple-
mented on Android smartphones for an emergency
scenario (Wang et al. 2013) allows users to intercon-
nect without network facilities. This study shows that
a DTN node can automatically transfer to other DTN
regions whatever it receives in one DTN region. It
can deliver rescuers’ messages including texts and
videos using an epidemic routing protocol and IP
Neighbor Discovery.
Image-delivery services using DTN
Photo-Net (Uddin et al. 2011) is an image-delivery
service for mobile camera networks and can be used
in disaster response applications. Photo-Net can send
an image from the first responder who finds the vic-
tims in a disaster area by using an opportunistic-
forwarding scheme. CARE (Udi et al. 2012) is a sys-
tem that eliminates images from a collection. It can
detect the similarities among photos in DTN delivery
services and optimize the capacity of the buffer on a
mobile phone.
Many studies have proposed/developed applications
to enhance effective communication in emergency sit-
uations. However, most of these applications do not
much focus on reduction of message delivery time,
which is important especially in medical image deliv-
ery services. Some existing studies such as (Joe et al.
2012); (Mashhadi et al. 2011); (Ishimaru et al. 2010)
achieve timely delivery of messages by assigning pri-
ority to messages and employing a priority forwarding
scheme. However, our target medical image delivery
service requires good quality of medical images (at
the destination), sufficient to be used for diagnosis by
a specialist at the hospital. To the best of our know-
ledge, there are no studies on image delivery services
using DTN that consider both the quality of images
and reduction of delivery time.
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Medical image delivery service: target scenario and
assumptions
We suppose a realistic volcanic scenario where
emergency medical response teams consisting of res-
cuers and ambulance drivers provide services to vic-
tims. In this scenario, emergency medical response
teams are treated as mobile nodes. We assume that
multiple healthcare posts and one or more ambulance
parking lots are located in the disaster area. At each
healthcare post, a healthcare worker treats victims and
takes pictures of their eye injuries using a mobile
phone. Ambulance drivers move between a parking
lot and a hospital to convey the victims with heavy
injuries to the hospital.
In this situation, the proposed medical image delivery
service aims to deliver the eye injury images of vic-
tims taken at healthcare posts to a city hospital with
a specialist (i.e., ophthalmologist) and get feedback
(i.e., medical instruction) for appropriate treatment of
the victims.
For connections between healthcare posts and the city
hospitals, the service assumes the following.
 Healthcare workers, rescuers, and ambulance drivers
have mobile phones (e.g., Android smartphone) with
cameras and Wi-Fi Direct communication.
 On the mobile phones, the medical image delivery
application for taking and segmenting pictures of
injuries and placing priority on each piece of the
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Fig. 1 Schematic architecture of medical image delivery serviceThe application includes mobile DTN networking
software including a bundle routing protocol (e.g.,
(Schildt et al. 2011)) and our priority message forwarding
mechanism (proposed in Sect. 4). We also assume that
hospitals have network infrastructure such as an
Emergency Medical Network or Wi-Fi network through
which ambulance drivers can send messages stored in
their phones to specialists in the hospital.
The schematic architecture of the proposed medical
image delivery service is shown in Fig. 1. All images can
be transferred from a disaster area to a hospital using
DTN by using the proposed medical image delivery ap-
plication. First, the image will be processed in the appli-
cation by a healthcare worker and passed to the bundle
protocol. Second, the images will be forwarded (e.g.,
from a rescuer’s mobile phone) using Wi-Fi Direct com-
munication to the mobile phone of another rescuer who
arrives at the healthcare post and then returns to the
ambulance parking area. Finally, the ambulance driver
will deliver the images received from the rescuer to the
city hospital, which has a communication network for
sending images to the ophthalmologist at the hospital.
In the application, we also implemented a function to
automatically stitch together received image patches to
restore the original image so that the ophthalmologist
can easily examine the image with his/her smartphone/
tablet.
Priority medical image delivery scheme
We propose a priority medical image delivery scheme
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goal of the proposed scheme is to reduce the delivery
delay and to achieve a good delivery ratio of good quality
medical images delivered to a hospital per unit of time.
Taking into account the mobile device’s buffer size and
communication capacity, we have designed strategies to
build the system for efficiently delivering images in a dis-
aster scenario.
In our proposed scheme, we assign higher priorities to
more urgent images so that those images are delivered
faster. Furthermore, we select the parts of images that
show the most serious injuries to give them a higher
priority.
Assigning priorities to images
We use a method like medical triage (i.e., color
codes), for recognizing volcano victims who are in
critical condition and must be brought to a hospital
for immediate treatment. In disaster situations, vic-
tims are grouped into four categories, coded red, yel-
low, green or no color. Then, the image of each
victim is partitioned into sub-blocks (Kavitha et al.
2011) by dividing up the whole image into pieces (or
chunks). For efficient delivery of both high-and low-
priority pieces, we make each piece have a different
data size and number of pixels depending on the
color code assigned to the piece.
The color code indicates the degree of priority.
Based on the seriousness of the injury, we classify the
images into two groups, high-priority and low-
priority. Here, we suppose that high-priority is
assigned only to the pieces including eye injury.
High-priority pieces are coded with red (meaning that







Fig. 2 Assigning priorities to imagedelayed), and green (injury is minor). Low priority images
have no color code.
In our method, an image is partitioned into n × n
pieces. Hereafter, we suppose n = 5, but the number can
be changed. We suppose that a healthcare worker takes
an eye injury image and marks some of the pieces in
each image using the medical image delivery application
we developed.
Figure 2 illustrates the marking process with the appli-
cation where three eye injury images are taken, and, red,
yellow, and green codes are given to them, respectively.
The total number of high-priority pieces is 15: seven
red, five yellow, and three green. The remaining 60 are
of low priority. In a disaster zone without an oph-
thalmologist, this application can support healthcare
workers by providing a way to transmit information
about the symptoms of common eye diseases (De La
Torre-Diez et al. 2015).
In the context of DTN application development, the
message size affects the message priority forwarding
strategy that will be used in our application. For a
good delivery ratio in a disaster scenario, we use
epidemic forwarding, which can effectively handle
data up to 500 KB (Nikhil et al. 2015). Thus, if the
message size exceeds this value, we need to reduce
the size to fit this value. Therefore, in our scheme we
use image quality measures and image size-reduction
approaches (Kim-Han et al. 2009), (Hauswald et al.
2014) to solve this problem. Figure 3 shows an ex-
ample of using the image-resizing method based on
JPEG compression to reduce the size of the pieces.
The application provides a blue seek-bar to adjust the
quality level of the pieces of each color code between
1 and 100 %.o decide and select high priority pieces
Red Code (High 
priority pieces with 
Higher resolution
Yellow Code (High 
priority pieces with 
Medium resolution)
Green Code (High 





Quality level Quality levelQuality level
High-priority (red code) :
- Quality level : 80%
- Pieces size    : 1500/25*0.8=48 KB
- Total pieces assign : 7*48=336 KB
Low-priority (gray code) :
- Quality level : 20%
- Pieces size    : 1500/25*0.2=12 KB
- Total pieces assign : 18*12=216 KB
High-priority (yellow code) :
- Quality level : 60%
- Pieces size    : 1500/25*0.6=36 KB
- Total pieces assign : 7*36=252 KB
Low-priority (gray code) :
- Quality level : 20%
- Pieces size    : 1500/25*0.2=12 KB
- Total pieces assign : 20*12=240 KB
High-priority (green code) :
- Quality level : 40%
- Pieces size    : 1500/25*0.4=24 KB
- Total pieces assign : 3*24=72 KB
Low-priority (gray code) :
- Quality level : 20%
- Pieces size    : 1500/25*0.2=12 KB
- Total pieces assign : 22*12=264 KB
1%                      100% 1%                      100% 1%                      100%
H
L





Fig. 3 Sample of image resizing by image quality measures
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red pieces, each red piece is compressed to have the
file size of 80 % of the original piece. That is, spe-
cifying a higher quality level maintains the good
quality in pieces. In Fig. 2, 80 %, 60 %, and 40 %
quality levels are specified for red, yellow, and green
pieces, respectively. The resulting sizes of red, yellow
and green pieces are 48 KB, 36 KB and 24 KB,
respectively.
In general, JPEG file size does not depend on its
quality and we need to carefully adjust the JPEG file
size. We assume that various eye injury images have
similar complexity in the images, and use 1.5 MB
(fixed size) for the base JPEG file size because Ref.
(Robert et al. 2000) reported that ophthalmologists
confirmed that this file size provides sufficient quality
for diagnosis. Moreover, we use compression ratios of
80 %, 60 %, and 40 % for red, yellow, and green
pieces of injury images, because the JPEG images
compressed with these ratios still have marginal qual-
ity that can be used for diagnosis by ophthalmologists
(Robert et al. 2000).
Priority forwarding strategies
The most popular routing method used in a DTN is epi-
demic routing. To raise the probability of messages reach-
ing their destination, each mobile terminal copies the
messages received from other terminals and holds them.
This routing scheme is appropriate when the message size
and generation rate are small (Takahashi et al. 2013).
However, during disaster situations, images with large file
size are difficult to deliver using epidemic routing. The
drawbacks of epidemic routing are a rapid increase in
network traffic, higher power consumption, and moreterminal resource requirements. Thus, it is necessary
to devise a way of reducing delivery time by prioritizing
messages taking into account buffer size and the power
consumption of mobile terminals. Therefore, we employ
the following strategies.
1. To add a priority forwarding mechanism to
epidemic routing where higher priority pieces are
copied to other nodes prior to lower priority pieces.
2. Allocate a different size to each piece depending on
its priority as we already explained in the previous
subsection.
For strategy 1, we employ different message-handling
algorithms between the healthcare worker nodes and
other nodes. The details are described below.Algorithm for healthcare worker nodes To increase
message delivery rate, after each healthcare worker
node generates messages (corresponding to an image),
it sets TTL (e.g., 3,600 s) for those messages and
sends them to the rescuer node it contacts. Each
message has a chance to be sent to multiple nodes
within its TTL. The messages are removed after their
TTLs have expired.
Let U and S denote the set of unsent messages in the
buffer, and the set of already sent messages in the buffer,
respectively. Initially both U and S are empty. Whenever
a new image is generated, the corresponding pieces
(messages) are added to U. During the contact between
the healthcare worker node and the rescuer node,
messages in the buffer are handled in the following
steps 1 to 3.
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∈ U and update U and S as follows: U ← U\{u}, S
← S∪{u}.
2. If U = ∅, then send the highest priority message s
∈ S.
3. For each s∈ S, if TTL of s has expired, then S← S\{s}.
Algorithm for other nodes Each node other than
healthcare worker nodes removes messages in its buffer
after sending them to another node.
 When a node meets another node, it sends the
highest priority messages in the buffer during
the contact.
 When a node receives messages from another
node, those messages are added to the buffer and
all messages in the buffer are sorted in the order
of their priority (i.e., high: red, yellow, green, then
low).
 When the buffer has no room for new messages,
the lower priority (or the same priority but older)
messages in the buffer are dropped or new
messages are dropped if they have lower priority
than those in the buffer.
By using these strategies, high-priority pieces are
delivered to the destination faster, and at the same
time, lower priority pieces can also have higher prob-
ability of being delivered than using the original epi-
demic routing. Below, we show how these strategies
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Fig. 4 Overview of DTN-based priority medical image deliveryPriority message forwarding
As shown in Fig. 4, victims are treated at healthcare post
sites (S) by healthcare workers, who need to find the
shortest path for sending messages (pieces of images) to
a destination (a city hospital, D1, D2, or D3). A message
(m) containing a high-priority piece should be sent be-
fore other messages with lower priority. Each message is
propagated by rescuers (R) in the DTN and eventually
delivered to a rescue coordinator (C) stationed in the
parking lot. In this case, rescue coordinators store the
messages and forward them to the ambulances, and the
ambulances take the volcano victims (with serious injur-
ies) together with the messages to the hospital.
In Fig. 4, let us suppose that only one message (which
includes multiple pieces) can be copied during a contact
between nodes and messages m11, m12, and m13 include
only high priority pieces, both high and low priority
pieces, and only low priority pieces, respectively. To de-
liver multi-priority message transmission over DTN, we
employ a strategy for first selecting messages that contain
pieces with a higher priority. Suppose that the source
node (S) meets multiple rescue nodes one by one. In this
case, the first rescue node, which has a high memory cap-
acity, will receive message m11 (high-priority pieces) prior
to others. The second rescue node will receive a message
m12 (high and low priority pieces). The third rescue node
meeting the source node later will receive a message m13
(low priority pieces). This strategy is shown in detail as
follows.
Step.1 Each healthcare worker (S) node has an ordered
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ates a message containing multiple pieces picked from
the top of the list and sends the message to the rescue
(R) nodes (i.e., intermediate nodes).
Step.2 The intermediate nodes deliver the received
messages to the parking lot. They keep an ordered list
of the received pieces. When each intermediate node
meets another node, it creates a message consisting of
multiple pieces picked from the list and forwards the
message during the contact.
Step.3 All messages that arrive at the parking lot are sent
to the rescue coordinator (C). The rescue coordinator
(C) collects all messages, creates/updates the ordered list
of the received pieces and forwards messages containing
pieces picked from the list to the ambulance driver when
the ambulance comes to the parking lot.
Step.4 The ambulance driver keeps the received
messages until they reach a hospital (D) and sends the
messages to an ophthalmologist at the hospital.
Results and Discussion
We set up a simulation experiment supposing a realistic
volcanic eruption disaster map and a mobility model.
Through simulations, we compare the performance of
our proposed medical image delivery method with that
of ordinary epidemic routing without the proposed
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Fig. 5 Mount Merapi Volcano Situation and Simulation Areaenvironment and thus simulate image delivery in an
emergency situation, we use Scenargie Simulator (http://
www.spacetime-eng.com/) with the Multi-Agent Module
and DTN-Dot11 Module. We present the simulation
results using the volcano disaster scenario shown below.
Volcano disaster scenario
Using OpenStreetMap, we configured a simulation field
on the main simulation area of 5 km by 5 km correspond-
ing to an actual geographical area near Mount Merapi (in
the region of the disaster area) and the city area (Yogja-
karta, Sleman, Klaten) in Indonesia, as shown in Fig. 5.
There are healthcare workers, rescuers, and rescue coordi-
nators in the disaster area. In each city hospital in the city
area, there are ambulance drivers and an ophthalmologist
at each city hospital. We determined randomly the loca-
tion of 20 healthcare posts where victims are treated by a
healthcare worker. Each of these locations accommodates
100 people, and we assume that 5-10 % of them have ser-
ious eye injuries based on the Merapi eruption situation.
Rescuers walk at a normal speed between a healthcare
post and a parking lot. Also, each rescuer selects a health-
care post inside the disaster area, and finds the shortest
path to a parking lot. A rescuer repeatedly walks between
the parking lot and the healthcare site decided at random.
We set three locations for parking lots and placed one
rescue coordinator at each of these, as shown in Fig. 6.mulation Area
nce (Km)
        20          25           30         35   
Table 1 Simulation parameters
Parameter Value
Simulation Area 5 Km×5 Km




Message size: 500Byte, 1KB, 10KB, 100KB
1MB, 2MB
Contact times 1s – 600s
TTL 3600s
Numbers of nodes:
- Victims (stationary) 100
- Healthcare workers (Stationary) 10
- Rescuer Coordinators (Stationary) 3
- Ophthalmologists (Stationary) 3
- Rescuers 20,40,60,80,100,120
- Ambulances Drivers 3,6,9,12,15
Mobility speeds:
- Pedestrian (rescuers) 1-2 m/s
- Vehicle (ambulances) 5-12 m/s



















Fig. 6 Simulation field for image delivery scenario
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priority sorting of the data, and store the data in an am-
bulance. After arriving at the parking lot and picking up
the emergency victims, the ambulance driver remains
there for 10 min. During this time, the rescue coordina-
tors transfer the image data to the ambulance driver,
who then carries the messages to one of the city hospi-
tals. The ambulance returns to the hospital from which
it was originally dispatched. A contact opportunity with
the ambulance comes only when the ambulance reaches
the city hospital or the parking lot.
All nodes (healthcare workers, rescuers, rescuer coor-
dinators, ambulances drivers, ophthalmologists) have
mobile phones that have wireless communication cap-
ability and have installed our application. At the same
time, each healthcare post has a healthcare worker who
is generating images at rates of two messages per mi-
nute. The healthcare worker determines the priority of
images depending on the seriousness of each injury.
Each healthcare worker takes picture images with a
smartphone camera and stores them in the buffer. After
the images are split into pieces, they are transferred to
the hospital via the parking lot.
To consider the delivery probability of data from each
healthcare post to a hospital, we simulate different sce-
narios by changing the number of ambulances. The
detailed parameters of simulation are shown in Table 1.
Testing implementation on mobile devices and applications
To analyze pieces delivered between nodes through the
DTN protocol, an Android mobile terminal is used totransfer the image pieces between nodes when they
come in contact.
As shown in Fig. 7, we developed the DTN medical
image delivery application, which can be used by
healthcare workers to capture photographs and divide
Fig. 7 User interface of medical image transfer by mobile application
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priority files to be easily selected and forwarded as
prioritized images using an IBR-DTN Android imple-
mentation (Morgenroth et al. 2012).
With the user interface of the mobile application,
users (healthcare workers) manually capture images of
an eye of a victim. A user can easily recognize the ser-
iousness of an injury and determine the priority of the
image pieces by using the interface. Then, all pieces are
stored and forwarded using a DTN bundle protocol.
Finally, the pieces are sent based on their priorities to
facilitate the diagnosis using the image by an ophthal-
mologist. The pieces received at the hospital can then be
merged.
We assume that the ophthalmologist in the hospital
has a smartphone in which our app is already installed.
Therefore, when all (or part of ) image patches arrive at
the destination (final user, that is, the ophthalmologist),
they will be automatically stitched together to restore
the original image.
Here, note that the missing (not-received) pieces in
the restored image remain blank.Results
In this section, we evaluate the message delivery rate
with respect to time, message size and number of mobil-
ity nodes (ambulance drivers, rescuers).
Figure 8 shows how the delivery rate of a message
is varied over an interval of two hours when the
number of rescuers is 60 and the message size is 500


























Fig. 8 Message Delivery Rate vs. Delivery TimeMoreover, to know the impact of each parameter,
we changed the message size from 1 KB to 2 MB, the
number of mobility nodes from 20 to 100 rescuers
and the number of ambulances from 3 to 15, which
deliver messages from the disaster area to the city
hospital on three-lane roads. We show the results in
Figs. 9 and 10, respectively. In all cases, the message
delivery rate when priority is considered is higher. In
Fig. 10b, it is clearly seen that the message delivery
rate is quite high when giving priority to the image
of eye injury as well as increasing the number of res-
cuers and ambulances.
Discussion
We performed a medical image transmission analysis
on a simple mobility scenario in a volcano disaster
area to determine the successful delivery ratio using a
mobile wireless link. The available time that a node
can use for data transfer is based on priority and the
message forwarding strategies in an environment
where only DTN or opportunistic links are available.
The performance metrics we considered are of two
types: (a) the first one is measuring a good probability
of delivering a message taking into account additional
variation of parameter settings such as message size,
number of intermediate nodes, and ambulances
nodes; (b) the second type is to measure the actual
time of transferring a medical image with the imple-
mentation on the mobile devices using a prioritized
image and DTN protocol.
Figure 8 shows the message delivery rate. There are
four points at which the delivery rate increases. The
high-priority pieces’ delivery rate is approximately 41 %4000 5000 6000 7000
 Time (Second)
High Priority Low Priority 
Fig. 9 Message Delivery Rate vs. Message Size, Number of rescuers
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pieces’ delivery rate is 34 %, whereas the low priority
pieces’ rate is about 10 %. As a result, the proposed
method can deliver a message faster than the conven-
tional method (i.e., epidemic routing without a priority
mechanism). In this case, each ambulance has a different
route and distance to travel from the hospital to the
parking lot in the disaster area. In the figures, the
performance of the proposed method is shown for high-
priority and low-priority delivery, while non-priority
delivery corresponds to the conventional method (epi-
demic routing without prioritization).
By evaluating the results in Fig. 9a, it can be ob-
served that there is a significant improvement (10 %)
in the message delivery rate using prioritization if
there is an increase in message size. These results are
due to a better choice of high-priority messages. That
is, based on the proposed forwarding scheme, the
message with the highest priority should be on top ofFig. 10 Message Delivery Rate vs. number of Mobility Nodes (ambulances)the queue and be forwarded before the others. The
messages with high-priority images, tend to reach their
destination faster, thus keeping the average delay lower.
According to the results (Figs. 9b and 10a), it can
be observed that both priority and non-priority im-
ages can have better delivery rates as the number of
mobile nodes such as rescuers or ambulance drivers
increases. This is because the contact opportunity be-
tween mobile nodes increases as the number of the
mobile nodes increases.
Many messages with a low priority could not be deliv-
ered due to the limited capacity of the ambulance when
the number of ambulances is small. Therefore, we in-
creased the number of ambulances and the number of
rescuers. As a result, the message delivery rate increased
from 76 % to 90 % by the end of the simulation
(Fig. 10b). This shows that 90 % of all 60 generated
images could be delivered as a result of the increased
frequency of ambulances coming to the parking lot.
Table 2 Time transfer measurement for priority images
Users Image size in KB # of pieces Time in seconds
High Low
A
Image1 1890 7 6 74
Image2 1640 5 8 61
Image3 1310 3 10 50
B
Image4 1920 8 5 85
Image5 1685 5 8 68
Image6 1380 4 9 57
C
Image7 1845 7 6 72
Image8 1610 5 8 67
Image9 1275 4 9 51
D
Image10 1935 8 5 82
Image11 1630 6 7 70
Image12 1395 4 9 60
E
Image13 1870 7 6 75
Image14 1625 5 8 66
Image15 1370 3 10 51
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ical delivery service implementation, we have measured
an average time transfer for each piece in a priority
image between two Android devices. We asked five par-
ticipants to join the experiment. Each participant was
asked to transfer three images with injuries of varying
seriousness and of different sizes. The total number of
pieces to be transmitted (of high and low priority) was
13 pieces. As shown in Table 2, the average transfer time
for the 1st, 2nd and 3rd images were 77.6 s, 66.4 s and
53.8 s,respectively. The transfer time decreases as the
users get used to do the transfer process. The transfer
time was greater when the number of high-priority

















Fig. 11 Timeline for image transfer measurementA showcase timeline of the total time transfer
measurement process is presented in Fig. 11. The
generic steps were: (1) record the image processing
time (T1); (2) send pieces copy file to send DTN
bundle delivery time (T2); (3) start image transfer to
other device time (T3); (4) store pieces copy file to
receive DTN bundle delivery time (T4) and view im-
ages kept in storage (T5). The areas marked in a gray
block represent the time slots relevant for our meas-
urement. The average times of total image transfer
are shown in Table 2.Conclusion
Based on priorities in medical image delivery through
DTN in a volcano disaster scenario, we noted that the
message delivery time could be shortened by using mes-
sage priority routing strategies and prioritizing images
according to the seriousness of injuries. We have im-
proved the delivery rate in the simulated experiments by
increasing the number of mobility nodes (rescuers and
ambulances drivers).
In this paper, we described the performance of medical
image delivery using existing DTN protocols in a disas-
ter situation. We proposed a message priority forwarding
scheme, which is a modification of an epidemic routing
protocol. The proposed method is designed to increase
the delivery rate of high-priority messages so as to in-
crease the number of messages delivered by healthcare
workers at a volcano disaster. The results were evaluated
using simulations and by implementation on mobile devices.
The outcome showed faster delivery of medical images in
the emergency scenario, and the number of successfully de-
livered images with prioritization that could be used for
diagnosis at a hospital was higher than with a conventional
method (epidemic routing without prioritization).
As part of future work, we will improve the proposed
service in terms of efficiency of selecting high-priority
pieces. For example, automating high-priority pieces se-
lection through image analysis may be worth exploring;
it could reduce the burden on healthcare workers at the
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